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(54) ION GENERATOR 

(57) Abstract: 

PURPOSE: To efficiently generate ion with a simple constitution. 
CONSTITUTION: An X-ray tube using the X-ray main wavelength of 15 to 2 angstrom 
range and having a Be window is provided, and an element to be ionized is put in 
the region irradiated by the X-ray through the Be window. When soft X-rays are used 
for ion generation energy source, the absorption loss by Be of the soft X-ray of 
long wavelength increases compared with absorption by N2 and 02, and so the rapid 
increase of loss rate over ca. 20 angstrom causes disadvantage. On the other hand, 
short wavelength of soft X-ray below 2 angstrom causes small absorption by the 
atmosphere, and so it does not fit for the ionization purpose. The X-ray tube used 
for the ion generator requires only the target voltage of 5kV and the target 
current of 20|jA or so and small power source capacity, is small size, resultingly 
easy to handle and generates no noize. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
d ama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The apparatus for generating ion characterized by including the matter which should be 
ionized to the field to which main wavelength generates the X-ray of the range of 15 thru/or 2 A, and is 
equipped with the X-ray tube which carries out outgoing radiation of this X-ray from a berylium 
window, and said X-ray is irradiated from said berylium window. 

[Claim 2] The apparatus for generating ion characterized by installing in the field to which it was limited 
in the ambient atmosphere containing the element which should ionize an X-ray tube according to claim 
1 , and generating ion around it. 

[Claim 3] The apparatus for generating ion according to claim 1 characterized by making an irradiated 
object generate ion when especially wavelength uses the X-ray tube in 7 thru/or the range of 2A and 
irradiates an X-ray through still more nearly another berylium window as said X-ray tube. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an apparatus for generating ion. It is applied to the 
equipment for generating ion in order to make the equipment or the irradiated thin film for ionizing the 
ambient atmosphere concerned in atmospheric pressure thru/or a gas ambient atmosphere to that extent 
especially cause a chemical reaction. 
[0002] 

[Description of the Prior Art] Ultraviolet rays and X-ray microwave are used as an energy source which 
the conventional apparatus for generating ion makes generate ion although the equipment of various 
types is used by the object. Although ultraviolet rays were conventionally used for this kind of object, 
the ion electrical potential difference of the gas molecule in an ambient atmosphere had many things in 8 
thru/or the range of 15 electron volts, object sufficient in ultraviolet rays could not be achieved and that 
effectiveness was not remarkable. 

[0003] To use the X-ray by SOR (synchrotron radiation) for the same object is tried. However, SOR is 
not industrially materialized at all with huge equipment, and even if this invention is similar, it cannot 
compare a wavelength region. On the other hand, in other examples of the conventional ion source, 
although microwave discharge etc. was used, the big facility was needed and it had the problem in 
respect of the homogeneity of energy etc. This invention makes it the technical problem to solve such a 
trouble. 
[0004] 

[Means for Solving the Problem] The apparatus for generating ion concerning this invention is equipped 
with the X-ray tube which has the main wavelength of an X-ray in 15 thru/or the range of 2A, and has a 
beryllium (Be) aperture, and is characterized by including the element which should be ionized to the 
field to which an X-ray is irradiated from this Be aperture. 
[0005] 

[Function] As an energy source for ion generating, to use soft X ray itself is tried from the former. 
However, it was not conventionally clear what wavelength was effective among the wavelength of soft 
X ray. absorption loss according to Be when the wavelength of soft X ray is long since the technique of 
an X-ray tube of having had Be (beryllium) aperture was established recently, if the case where this is 
used is considered - N2 and 02 etc. (shown as a representative in an atmospheric pressure ambient 
atmosphere) etc. - it came to increase compared with the absorption to depend, and it turned out that X- 
ray about 20A or more has disadvantageous wavelength since a loss rate increases rapidly. 
[0006] On the other hand, when the wavelength of soft X ray became short and became 2 A or less, it 
turned out that absorption by the matter to include an ambient atmosphere etc. becomes small, and it is 
not suitable for the target ionization. Therefore, suitable wavelength to use it as an energy source of 
ionization has 2 thru/or the effective range of 20A. 

[0007] On the wavelength of this range, there is comparatively little absorption loss by the Be aperture, 
and in the ambient atmosphere of atmospheric pressure extent, if a few is left in order to generate ion 



while running short distance (for example, 10cm), and to disappear, there is also no effect to the body 
and it is comparatively safe. That is, the limited field told to claim 2 usually points out about 1 0-20cm or 
less, and the long range above lm is not considered, considering the below-mentioned industrial use. 
[0008] The X-ray tube used for this apparatus for generating ion is good with the target electrical 
potential difference of 5kV, and about A target 20micro current, and its power supply is also small and it 
ends, and it is small, and it is easy to treat it, and it has the advantage which does not generate a noise. 
[0009] 

[Example] Hereafter, this invention is explained still more concretely. The apparatus for generating ion 
of this invention is equipped with the X-ray tube which has Be aperture, and has composition which 
irradiates the X-ray by which outgoing radiation was carried out at an ionization way element from this 
Be aperture. Here, the wavelength of an X-ray is 2- 15 A, and, thereby, can offer a good apparatus for 
generating ion. 

[0010] for example, the thing for which the thing of the wavelength of soft-X-ray extent is discharged, 
and ion is generated in the healthy equipment for generating ion in atmospheric air - conventional Io - 
disadvantage had discharge devices, such as NAIZA, in respect of a noise, exposure of a secondary 
terminal, etc. - comparing - actuation - it turned out that it is simple, and is clean and effectiveness is 
also high. 

[001 1] In order to, make the space where specification was restricted in order to electrify a near body 
generate ion in an electrostatic copy machine as other application of this apparatus for generating ion for 
example, it can be used effectively. That is, the matter thru/or ambient atmosphere of the space 
concerned is ionizable by irradiating an X-ray from Be aperture to the space where the above was 
restricted. Thus, ion is generated, and the predetermined matter in predetermined space can be charged 
or discharged. 

[0012] Moreover, a discharge start can be made easy by attaching an apparatus for generating ion to near 
in the case of the discharge start of the discharge tube containing gas. Furthermore, it is advantageous to 
build this in at the point which limits ionization to the limited range, and it is still more advantageous 
also in respect of insurance in the profitableness which does not mind the aperture of an excess. In this 
case, although ion generating space may not necessarily be atmospheric pressure, even when gas 
pressure is lower than atmospheric pressure, since ionization efficiency is high, this wavelength can 
expect the same effectiveness effectively. 

[0013] Furthermore, acceleration control of the various chemical reactions can be carried out with 
ionization equipment. For example, by installing an up apparatus for generating ion in near also in the 
CVD method which generates and grows up an epitaxial film thru/or an oxide film thru/or the dry 
etching method which makes easy to react and is removed by the chemical reaction on a silicon 
substrate, the reactant gas concerned can be ionized and a reaction can be promoted. 
[0014] Although the above-mentioned chemical reaction gas pressure has the case of atmospheric 
pressure, and the case of a reduced pressure condition, without being limited to atmospheric pressure 
extent also in this invention, since neither is essence, this distinction follows in activity eye and, also in 
under reduced pressure, contains. 

[0015] Moreover, it is applicable also to thin film surface reaction besides the above-mentioned **** 
chemical reaction. The example is the surface treatment of plastics. For example, by irradiating soft X 
ray with up X-ray ionization equipment, by supplying ion to a surface layer from an ambient 
atmosphere, it can oxidize on the front face of the poly vinylidene (PVF) film, and a surface instability 
unsaturated bond can be changed into a stability coat layer on it. simple, since this processing can be 
performed in atmospheric pressure - it is advantageous. Or an aluminum casting front face is 
changeable into a stable protective coat layer with the above-mentioned processing. Compared with 
having made the protective coat generate, it becomes a very simple approach by the electrolysis 
galvanizing method conventionally. 

[0016] Moreover, although ion is used in the impurity impregnation by the ion beam, the sputtering 
method, etc. in semi-conductor processing, it is effective as these ion sources of release. That is, the 
ionization equipment of this invention is installed in the part which should serve as the ion source into 



processing equipment, and material gas is irradiated with soft X ray. And^^generated ion is 
accelerated with a suitable electrical potential difference through a slit etc., and an ion beam will be 
obtained if it introduces in a vacuum chamber. According to this invention, small validity can be made 
to generate ion compared with the conventional example using microwave discharge. Moreover, ion can 
be generated by absorption length, the direction of radiation, etc. of soft X ray within limited limits to 
need. 

[0017] Furthermore, the soft X ray of the wavelength by this invention can make the same effectiveness 
cause by the exposure of soft X ray, even when making photochemical reaction which is illustrated by 
the so-called photoresist used for semi-conductor processing cause within thin film solid phase instead 
of making photoetching cause by optical exposure, since ion is generated within thin film solid phase. 
Of course, it is necessary to make an ambient atmosphere into a vacuum in this case. Since operating 
wavelength becomes short due to decomposition in the latest optical exposing method and this approach 
does not have a suitable source of powerful ultraviolet radiation, a leading solution is shown to the 
actual condition which has produced difficulty. 

[0018] The above-mentioned exposure differs in the means and equipment, although the so-called X-ray 
lithography method and essence are similar. That is, since that wavelength is chosen according to the 
absorption difference with Be plate, this invention forms still more nearly another Be plate also in this 
case, and is irradiated through this. 

[0019] There is no example for which this Be plate was used although the photo mask and role which 
were conventionally tried by X-ray lithography were similar. Although BN film, the SiN film, 
polyimide, etc. are used as a conventional mask (supporting lamella), since the thin film of extent which 
X-ray absorption can use as a mask for a while rather than them can also be obtained, the chemical 
reaction method by the X-ray induction ion of this invention combined with this is effective. Of course, 
a mask ingredient pattern can be laid on this Be thin film, and it can also apply to phot lithography. 
[0020] Be film is useful also as the thing which divides illuminating system and the system of reaction, 
or a partition aperture, and it is one of the descriptions of the ionization equipment concerning this 
invention to use Be in a soft X-ray apparatus. 

[0021] Next, the selection criterion of the wavelength of soft X ray is described. For example, when 
ionizing atmospheric air, compared with the absorption loss in Be plate, it is required to enlarge 
absorption in atmospheric gas (for example, nitrogen N), the upper limit of wavelength becomes settled 
from this point, the property wavelength edge of N serves as an upper limit in this case, and it is about 
30A. However, the loss ratio of N and Be serves as min in near the wavelength of 3.5A, and falls gently 
toward short wavelength. Since the absorption coefficient to N also falls as it progresses to short 
wavelength, the effectiveness of ionization also falls. Effectiveness falls by absorption in Be as it 
progresses to long wavelength. 

[0022] It thinks from the absorption length for ionizing gas, and since not much small absorption length 
cannot apply, it turns into a minimum, then about 2. 5 A wavelength in the wavelength from which an 
ionization absorption coefficient becomes 20% or less in practical die length (for example, 10cm). 
Therefore, although 30 thru/or the range of 2.5 A are suitable, an upper limit is made into 12A from the 
point of the ingredient which can be chosen as a target-of-X-ray-tube ingredient. That is, the ingredients 
which can be chosen in this range are Na (sodium), Mg (magnesium), aluminum (aluminum), Si 
(silicon), K (potassium), calcium (calcium), Ti (titanium), V (vanadium), etc. 

[0023] If the example in the case of the CVD epitaxial reaction by the X-ray is described, the reaction 
principal component in this case will be SiH4. Since it is gas [ like ], the absorption comparison with Be 
and Si poses a problem. That is, since the property edge of Si is in 7.1 A, this serves as an upper limit. A 
minimum is decided by Si absorption length and is 2.5A similarly. The minimum value exists in the 
2.5 A neighborhood in the meantime. An upper limit is [ 7A and the minimum of the most desirable 
wavelength ] 2.5A. Therefore, the range is expressed as about 7-2A. 

[0024] As an example of the solid phase reaction by the X-ray, if the example of X-ray lithography phot 
lithography is described, if the reactant in this case is Si subject's photoresist, it is the same as the above. 
If it is an organic giant-molecule subject's photoresist, it is the comparison with C (carbon) and Be, and 



■ . * 

wavelength understands that anupper limit and a minimum are good by 1 5~of previous statement thru/or 
2.5A. Also about CVD of aluminum, it is good at the same value. 

[0025] When thinking as the ion beam source, if it is the ion sources, such as Mg, aluminum, Si, P 
(Lynn), and Ar (argon), it is the same as that of Si, and is good. About Si, the same is said of the case of 
an organic metal CVD etc., and it is good, although effectiveness does not fall [ the minimum of 
wavelength ] so much yet by at least about 2 A about things which have comparatively big atomic 
weight, such as Ga (gallium), — too — a long wave ~ since effectiveness is as high as merit in addition, 
as range of this invention, it is the same as that of Si etc. 
[0026] 

[Effect of the Invention] According to this invention, there is effectiveness which can be ionized very 
efficiently by the simple technique of using the X-ray tube which has Be aperture. For this reason, in 
various kinds of industrial fields, utilizing very broadly is possible. 
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